Objective: The prevalence of overweight and obesity was estimated among the school children and adolescents of three provinces of central Italy, and the role of several possible influencing factors was analysed. Design, subjects and measurements: Body mass index (BMI) was measured in 44 231 subjects, age 3-17.5 y, and a household questionnaire was filled out by the parents of 12 143 subjects to collect the following data: subjects, only child or firstborn status, prematurity, birth weight, type of feeding until the fifth month, menarche status in girls; parents, age at the time of the subject's birth; BMI (mean of the two parents) at the time the subject was measured, mother's age of menarche, socioeconomic status. BMI was measured in a subgroup of 10 795 subjects 1 y later to study the yearly sex-and age-related variations from the categories of normal weight to overweight or obesity and vice versa. All females aged 11-14 y were asked if they had their menarche. Results: Striking differences in the proportions of overweight and obesity resulted from the use of two different criteria for defining cutoff points. The overall prevalence of overweight was 13.2 and 20.7% in males, and 13.7 and 18.6% in females, and the overall prevalence of obesity varied between 24.2 and 6.3% in males, and between 22.9 and 6.1% in females, respectively. Parents' BMI, birth weight, firstborn status and post-menarche status in girls showed a significant association with overweight and/or obesity in logistic regression models. Conclusions: A large prevalence of overweight and obesity was observed in school subjects from three provinces of central Italy. From the comparisons of the prevalence rate, the new internationally agreed criteria seem more appropriate for epidemiological studies in this population.
Introduction
Studies on the prevalence of obesity among children are important, as excess weight is a serious health problem among all ages. The increased prevalence of overweight or obese children is being reported extensively by numerous epidemiological surveys in several countries (for a review, see Livingstone, 2000) . Fatness in children is likely to persist into adulthood and is the forerunner of obesity-linked pathologies and early mortality in adults. However, defining overweight and obesity in children and adolescents is a difficult issue and, until recently, there was no definite agreement. Quetelet's index, commonly defined as 'body mass index' (BMI) (weight kg/height m 2 ), is the most suitable among the weight-for-height indices (Must et al, 1992; Nieto et al, 1992) , but the various cutoff points for overweight and for obesity have been considered arbitrary. The Childhood Obesity Working Group of the International Obesity Task Force has recently proposed new criteria based on the concept that a classification for children should reflect a relationship to morbidity and mortality outcomes, just as it has been established for adults (IOTF, 1998) . Stating the problem within this context, values of 25 and 30 kg/m 2 , used to define overweight and obesity respectively in adults, have been proposed to indicate cutoff points in late adolescence and to describe in children the relative percentiles passing through such values at 18 y of age (Cole et al, 2000) . Pooled international data for BMI have been used, and cutoff points for overweight (related to the value of 25) and obesity (related to the value of 30) from 2 to 18 y were obtained by averaging the percentiles from six nationally representative data sets.
In this paper, we report the results of an epidemiological survey on school populations from three provinces of central Italy. Overweight and obese subjects were defined according to two different criteria, in order to also compare the recently proposed cutoff points (Cole et al, 2000) with others that are used more frequently. Subject and family characteristics were analysed to evaluate the role of potential risk factors.
Materials and methods
The eligible population for this epidemiological survey consisted of 3 to 17.5-y-old schoolchildren from three provinces in central Italy, namely Perugia, Terni and Rieti. The populations of the three provinces share a similar lifestyle, even though the economic background is different, varying from prevalently agricultural (Rieti) to prevalently industrial (Terni). On the whole, the socioeconomic status of the three provinces can be judged as average for the Italian population. We collected data on 44 231 subjects (22 829 males and 21 402 females), who participated in an extensive research project on the growth of school children and adolescents. The subjects were evenly distributed among the three provinces also with regard to the age groups. Height and weight were taken by six of us (CF, DGG, DSG, BML, BMG, CG) from January 1993 to May 2001, during school hours. Details on the measurements and reliability of the procedures are reported elsewhere (Falorni et al, 1998a,b; Bini et al, 2000) . BMI was determined, and this index was then used to establish the sex-and age-related crude crosssectional prevalence rates of overweight and obesity. The same procedure was repeated in a subgroup of 10 533 subjects (5232 males; 5301 females) 1 y later. The second measurement was used to study the yearly sex-and agerelated variations from the categories of normal weight to overweight or obesity ('crossing-up') and vice versa ('crossingdown'). All females aged 11-14 y (8333 subjects) were asked if they had had their menarche. The age range was chosen as corresponding to the highest percentage of menarche age of the girls calculated in the school subjects of the three provinces in a previous study (Falorni et al, 1998a) . The percentage of children who were not included in the study for various reasons (refusal by the family, absence owing to illness, etc) was low (less than 3%). The percentage of subjects who did not attend school regularly in the three provinces is also very low, as reported elsewhere (Falorni et al, 1998b) . As a result, considering the number of subjects included in the analysis, the sample may be judged suitable for representing the age population studied.
Overweight and obesity were evaluated according to two different definitions: (1) the 90th percentile and the 97th percentile, respectively, of the French standard of RollandCachera et al (1991) , as proposed by the European Childhood Obesity Group (ECOG) (Poskitt & the European Childhood Obesity Group, 1996) ; (2) the cutoff points identified for the percentiles corresponding to BMIs of 25 (overweight) and 30 (obesity) at 18 y of age (Cole et al, 2000) . We considered as overweight the region between the two sets of cutoff points, matching the corresponding definition in adults. Linear interpolations between the cutoff points for every 6 months of age were used to calculate the crude prevalence rate of overweight and obesity by gender and year. Except for yearly variations of category, only the first measurement of each subject was used for a cross-sectional prevalence evaluation and for all other statistical analysis.
To analyse the factors associated overweight and obesity, the following data were collected from a sub-sample of 12 143 subjects (5970 males and 6173 females) aged 3-17.5 y. This was done using a questionnaire distributed at school and filled out by parents, indicating the following: data on the subjectsFonly child or firstborn status, prematurity, birth weight, exclusive breast-feeding, bottle-feeding only or mixed until the fifth month of life; data on the parentsFage when the subject was born, BMI (mean of the two parents) at the time the subject was measured, socio-economic status. We used the parents' employment as an indicator of the family's socioeconomic status. An increasing value was attributed as follows: housewife or unemployed ¼ 1, manual worker ¼ 2, nonmanual low ¼ 3, nonmanual high ¼ 4. The highest level between the two parents was used. The subsample reproduced the sex and age of the whole population studied. Only a few interviewed families (less than 2%) refused to answer the questionnaire.
The study was carried out with the collaboration of the three provincial Directors of Education, and was approved by the administrations of the Region of Umbria and of the Commune of Perugia, which partially contributed with a grant to support the research. Informed consent was obtained from the parents of the children included in this study through the mediation of the various institutes.
Statistical analysis
The Mantel-Haenzsel method and the w 2 test for linear trend were used to compare the prevalence in both sexes according to age. Simple w 2 , when appropriate, was used to test the association of the several risk variables (firstborn status,
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F Celi et al bottle-or breast-feeding or mixed, prematurity, birth weight, menarche status, parents' BMI, parents' age, mothers' age at menarche and socioeconomic status) with the rates of overweight or obesity. Prevalence rate ratios (PRRs) with 95% confidence limits were also calculated. Multiple logistic regression models were performed to reveal adjusted significant correlations of the same independent variables with dependent dichotomised variables of overweight and obesity (presence ¼ 1, absence ¼ 0). Gender was added to the models. A level of Po0.20 was used for selection of confounder variables in logistic regression multivariate model building (Mickey & Greenland, 1989 ). The prevalence rates of overweight and obesity were calculated by using the two different criteria. For plainness, the subsequent statistical analyses were calculated only for overweight and obesity, evaluated by the standard proposed by Cole et al (2000) . P values were two-sided, with values less than 0.05 indicating significance. All calculations were carried out with SPSS v. 6.1.3, SPSS Inc., Chicago, USA.
Results
The crude cross-sectional prevalence rates (95% confidence limits) of overweight and obesity among our population of 3 to 17-y-old school subjects, subdivided by sex and age and calculated according to the two different criteria, are reported in Tables 1 and 2 . A significant difference (Po0.0001) was found between frequencies of overweight and obesity obtained with the two criteria in overall subjects. No differences existed among the subjects subdivided according to the province of provenience. The percentage of subjects who shifted from normal weight to overweight or obesity and of those who shifted vice versa is reported in Figure 1 .
When comparing the results according to sex, a significant difference (Po0.0001) was observed only for the prevalence of overweight that was higher among males. A significant positive trend with age was found for both overweight (males, Po0.001 and females, Po0.01) and obesity (males and females, Po0.0001). Childhood obesity in central Italy F Celi et al A significant association of the variables examined with a greater prevalence of both overweight and obesity was observed as follows:
* parent BMI425 (overweight, PRR: 1.7; CI: 1.6-1.8; obesity, PRR: 2.8; CI: 2.4-3.3); * parent BMI430 (overweight, PRR: 2.3; CI: 2.1-2.5; obesity, PRR: 4.7; CI: 3.8-5.7); * firstborn or only child (overweight, PRR: 1.2; CI: 1.1-1.3; obesity, PRR: 1.2; CI: 1.1-1.4); no difference resulting between the two statuses; * birth weight43.370 (the median of overall males and females) (overweight; PRR: 1.3; CI: 1.1-1.4; obesity, PRR: 1.6; CI: 1.2-2.2), the relationship being stronger at 11 y of age in both sexes (overweight, PRR: 1.4; CI: 1.1-1.9; obesity, PRR: 2; CI: 1-4).
On the contrary, there was a greater prevalence for overweight only among the bottle-fed subjects (PRR: 1.2; CI: 1-1.3), without any significant difference between exclusive breast-feeding and mixed. The association with the socioeconomic status of the families was analysed as a trend according to the values attributed in univariate analysis; a negative trend for overweight (Po0.01) and for obesity (Po0.01) was found, with a higher percentage among the lowest socioeconomic levels. A significant percentage arose in post-menarche females as compared to pre-menarche females similar in age (overweight, PRR: 1.83; CI: 1.66-2.01; obesity, PRR: 1.72; CI: 1.40-2.12). Table 3 reports the results of a logistic regression model performed to identify the variables suitable for predicting the probability of developing overweight or obesity. Parents' BMI, birth weight and firstborn status were significantly correlated with overweight; age, parents' BMI and birth weight were significantly correlated with obesity. Table 4 reports the regression coefficients of a second logistic regression. This model was used in the 11 to 14-y-old females in whom the influence of menarche status was Childhood obesity in central Italy F Celi et al evaluated. We compared our prediction with the observed outcomes in order to assess how these models fit. The models adopted offered an excellent classification of the subjects who were neither overweight nor obese, with correct estimate rates ranging from 97 to 100%. On the contrary, the models failed to predict the subjects who were either overweight or obese, the correct estimate rates being lower than 10% in accordance with the poor correlation between the predictors and the outcome variables studied.
Discussion
The data from this study, when compared with others obtained using the ECOG criteria (Kromeyer-Hauschild et al, 1999; Reilly & Dorosty, 1999; Seidell, 1999; Livingstone, 2000) or the new international cutoff points (Chinn & Rona, 2001; Booth et al, 2001) , are in accordance with the highest percentages of obesity reported in southern European countries, and to a larger extent in central and southern Italy as opposed to northern Italy (Livingstone, 2000) . In this study, the prevalence of overweight and obesity showed an increase until 10 y of age, followed by a partial decline in males. The prevalence of overweight among females was significantly lower than that of the males. The highest proportion of 'crossing-up' among the school subjects in this study was observed in the first decade of life. This figure is obviously related largely to the cutoff points used. However, this age period is characterised by an increment of BMI in the percentile pattern ('rebound phase'), and is considered a phase at greater risk for developing obesity (Rolland-Cachera et al, 1984) .
The protective influence of sibship size has been reported in the UK (Whitelaw, 1971) and in Holland (Ravelli & Belmont, 1979) . According to our study, being a firstborn was the aspect that proved to affect overweight or obese status, as there was no difference in comparison to being a single child. Association of firstborn status and risk of obesity has been reported by other studies (Stettler et al, 2000) , and has been attributed to potential factorsFnot yet identified wellFconnected to gestational period, postnatal period or both.
Breast-feeding has been considered to be effective in preventing obesity in children. However, it failed to be protective in several studies (Wilkinson et al, 1977; Poskitt & Cole, 1978) . In our study, retrospective data were collected Figure 1 Percentages of subjects who shifted from normal weight category to overweight and obesity (crossing-up) and vice versa (crossing-down). Childhood obesity in central Italy F Celi et al and no difference arose in overweight or obesity by comparing exclusive breast-feeding for 5 months with mixed feeding. On the contrary, a significant increase in overweight was found in subjects who were exclusively bottle-fed, but the significance of this association disappeared when this variable was examined together with the other confounders in multivariate analysis. Family socioeconomic status has been evaluated variably in several epidemiological studies. Using parents' employment as an indicator may be considered restrictive in some ways, but this variable can furnish useful information in this context and it is not subject to personal interpretation. Our research has confirmed a negative relationship between obesity and family socioeconomic status, with the highest percentages in the lowest socioeconomic levels. However, such a variable was no longer influent in a multivariate analysis. BMI, a determinant for defining overweight and obesity according to the criteria used in this study, is influenced by sexual development (O'Dea & Abraham, 1995; de Onis & Habicht, 1996; Daniels et al, 1997) . A study conducted by our group demonstrated that BMI value varied in relation to the level of puberty maturation in subjects similar in age (Bini et al, 2000) . Menarche represents a phase that is easy to record, and it can be used as an indicator of pubertal development in girls. A significantly higher prevalence of overweight and obesity, independent of age, was observed in post-menarche girls as compared to premenarche. Furthermore, menarche remained one of the variables significantly associated with adiposity-status in the logistic regression analysis. Influence of parents' BMI and birth weight is in agreement with the results reported from other studies (Maffeis et al, 1994; Duran-Tauleria et al, 1995) .
The data from our study show a large variability of agerelated prevalence, with a similar trend when both the cutoff points of the specific percentiles of BMI developed for French children and Cole's cutoff points are used. However, remarkable differences between year-age percentages existed between the prevalences calculated with the two criteria. In particular, different and noteworthy distributions appeared among the categories of overweight and obese subjects. In effect, when the ECOG criteria were adopted, our study showed percentages of obese subjects that were much larger than those of overweight subjects, with a distribution of proportions among the two categories opposite of what was calculated by using Cole's criteria. Therefore, it seems justified to regard the newly proposed cutoff points as more appropriate for epidemiological studies in our population. The proposal of Cole et al (2000) attempts to avoid the arbitrariness of the methods used so far, adopting the same criteria to define overweight and obesity in adults based on the increase in the risk of obesity-associated pathologies. In fact, to date, it is hard to know which children in this study are truly to be judged at risk of obesity in adulthood. In our experience, when evaluated yearly, many subjects changed their status in both directions, crossing the cutoff points and resulting in an accumulation of overweight and obesity in childhood and a reduction in late adolescence. We may therefore infer that the overweight or the obesity of a large part of the subjects in this study will not track to adult age.
